These catheters were similar to that described by Herd and Barger (7), except that the intravascular portion was made of medical grade silastic tubing. Figure 2 shows the technique used to attach the silastic portion of the catheter to the polyvinyl chloride tubing and the curved hypodermic needle shaft. A special transcutaneous sliding obturator valve was used to close the coronary artery catheter and is also shown in Fig. 2 . Generally, blood flowed freely each time the valve was opened; very rarely was it necessary to inject saline first into the tube or to administer a fibrinolvtic agent. Both pressure catheters were flushed once a day with saline, then filled with a heparin solution, 10 mg/ml for the aortic and 200 mg/ml for the intracoronary catheter. The indices used to evaluate the development of the coronary collateral circulation were: 1) the increase in flow into the unoccluded descending branch and in its ability to dilate; 2) the increase in circumflex peripheral pressure; 3) the rate of circumflex retrograde flow at the time the animal was sacrificed; and 4) the extent of myocardial infarction at autopsy in the gradual circumflex occlusion group. Additional supporting evidence was obtained from the lack of change in the electrocardiogram during gradual circumflex closure and in both groups during reocclusion. was not measured, but the left descending coronary flow increased from 32 to 60 ml/min in only 8 min, whereas following the first occlusion (12 days partial and 6 days total) it had risen from 24 to 55 ml/min.
In dog 3 one reocclusion was performed 7 days after release of the first occlusion, and the circumflex peripheral pressure rose from 23 to 57 mm Hg within 1 hr, compared to an increase from 24 to 72 mm Hg after 3 days of partial and 3 days of total first occlusion. In dog 4 two reocclusions were done at intervals of 30 days. The first resulted in a peripheral circumflex pressure increase from 14 to 44 mm Hg in 2 hr, compared to an increase from 13 to 47 mm Hg following 3 days of partial and 1 day of total initial occlusion. The second reocclusion was done under anesthesia and is reported below.
Circumflex retrograde flow measurements were also made in dogs 3 and 4, after the circumflex had been opened for 7 and 30 days, respectively.
In the first dog the artery was reoccluded at the time anesthesia was given and the retrograde flow collections were made about 1 hr after reocclusion; the measured backflows averaged 37 ml/min. The pattern of response to the initial acute occlusion for the first 24-30 hr has been reported previously (11). Initially, sinus rhythm was retained, heart rate and arterial blood pressure rose, and circumflex peripheral pressure tended to follow. In 3-9 hr there were many ventricular beats, and in 24 hr the rhythm was entirely ventricular with marked elevation of arterial blood pressure and circumflex peripheral pressure. In about 2 days, a few sinus beats could be observed, and although the heart rate remained high, arterial blood pressure and circumflex peripheral pressure dropped slightly. The stabilization trend continued and on the 4th day following occlusion, the heart was in normal rhythm with distinct sinus arrhythmia; the heart rate of 62 and the arterial blood pressure of 85 mm Hg matched the control values before occlusion.
Despite the lowered heart rate and blood pressure, circumflex peripheral pressure remained high at 49-50 mm Hg and was still increasing.
The occlusion was then released. Heart rate and arterial blood pressure remained within the spontaneous fluctuations normal to the unanesthetized animal; left circumflex coronary flow rose immediately to control levels where it remained.
The peak hyperemic response of that bed, barely noticeable at first, reached preocclusion levels within 3 hr. Circumflex peripheral pressure gradually dropped to 23 mm Hg in 3 hr and then stabilized at about 20 mm Hg, somewhat higher than the control of 14.
Eleven days after the release, the circumflex was again occluded abruptly. This time there were no changes in ECG, heart rate, or arterial blood pressure. The circumflex peripheral pressure rose steadily and rapidly; within 40 min it had reached 60 mm Hg.
The same trends were observed in dogs 6 and 7 (Table 1) , which were also subjected to an initial abrupt circumflex occlusion.
In dog 6 reocclusion was applied 5 days after release, and the circumflex peripheral pressure rose from 14 to 39 mm Hg within 1 hr, compared to an increase from 10 to 40 mm Hg following the initial occlusion of 3 days. Dog 7 had three reocclusions 30 days apart. The first and second reocclusion resulted in an increase in peripheral coronary pressure from 18 to 55 and 18 to 56 mm Hg, respectively, within 1 hr, compared to an elevation from 16 to 56 mm Hg after 2 days of the initial occlusion.
The third reocclusion was performed under anesthesia and is treated below.
Retrograde flow from the circumflex was measured in dogs 5 and 7, after that artery had been opened for 5 and 30 days, respectively.
In dog 5 the circumflex was occluded at the time of anesthesia and the retrograde flow, collected 1.5 hr later, was 40 ml/min.
In dog 7 the circumflex was KHOURI, GREGG, AND McGRANAHAN reoccluded at the time of cannulation and repeated backflow measurements were made. Only a branch of the circumflex was cannulated.
The collected flow of 3.2 ml/min at 1.5 min after occlusion rose rapidly and was 7.6 ml/ min 30 min later.
Two normal dogs in the same weight range as in these experiments were selected at random and used for repeated backflow measurements following circumflex occlusion. The conditions were the same as for experimental dogs 4 and 7. The average heart rates of 140 and 150 were typical of anesthetized open-chest preparations; the blood pressures were 102 and 93 mm Hg. The backflow measurements were 2.7 and 3 ml/min at 1.5 min after occlusion, and 30 min later they were 2.8 and 3 ml/mm-essentially the same.
The This study was undertaken in order to detect he radity of regression of developed coronary collatera blood flow after removal of a circumflex occlusion, and its reappearance upon reocclusion. Although no method for the direct measurement of collateral flow through a coronary bed is known to US, the changes in the indices used here are believed to reflect the state of development and functioning of the collateral connections.
Most of the blood supplying the circumflex bed after a complete occlusion must come from the other coronary arteries, particularly the left descending branch (6). An earlier report from this laboratory (8) supported this by the observation that as the left descending branch flow increases following gradual circumflex occlusion so does its peak hyperemic response. The present study shows (Fig. 3) Most importantly, following 3-12 days of partial occlusion in dogs I, 2, 3, and 4, the circumflex branch had been maintained completely closed for l-6 days. Still, gross examination of the hearts revealed no myocardial damage in dogs I, 2, and 3 and only minimal scarring in the posterior papillary muscle of dog 4. The circumflex bed remained viable, while its normal blood supply was totally interrupted for up to 6 days, and must have been satisfied by the collateral circulation. Detailed microscopic examination in dog 3 and in dogs from other experiments in which the circumflex branch had been gradually occluded in a similar manner (8) confirms the absence of myocardial damage observed on gross examination. On the basis of the indices used, it seems evident that shortly after release of an occlusion the rate of collateral blood flow regresses. This is further supported by the behavior of the peak hyperemic response to a temporary occlusion of both the descending and circumflex beds. Following the release after 3 days of original occlusion (Fig. 3) 
